Introduction
Adolescents and young adults (AYAs) are at an age in which education, choice of profession, sexuality, starting a family, and other aspects of a meaningful life are at a crossroads. For this age group, a cancer diagnosis represents an additional challenge in a vulnerable phase of life. AYAs differ both from older adults and children with regard to medical and psychosocial aspects. In the new millennium, this has increasingly been acknowledged by the cancer community. 1 In the medical literature, different definitions of AYAs are used, with the lower limit ranging from 15 to 18, and the upper limit from 25 to 40 years of age. 1 Within the cancer population, they represent a minority: in Germany, only about 5% of people diagnosed with cancer 2 are younger than 40 years. 3 The current survival rate of AYA patients with cancer has improved to a lower degree as compared to both younger and older patients in the last 20 years. [4] [5] [6] [7] Besides biological factors, the disease course of AYAs with cancer is affected by age-specific psychosocial characteristics 3, 8 and many other aspects of life, [8] [9] [10] [11] [12] and late effects have a much higher impact on them. 13 Psychosocial regression 14 or delayed social maturity, depression, anxiety, mood changes as well as health concerns and relationship problems may be relevant, 15, 16 thus family support and cohesiveness may help for positive adaptation. 17 Adherence by definition is the degree to which a sick person adheres to agreed recommendations regarding taking medication, following a diet, or executing lifestyle changes. 18 Especially in malignancies, the success of therapy largely depends on the patients' adherence. The World Health Organization (WHO) has published a model of adherence, associating it with socioeconomic, health system, condition, patient, and therapy-related factors. 19 Several data indicate that adherence is poorer in AYAs than in both older and younger patients. [20] [21] [22] There are different methods to measure adherence, 23 including objective monitoring; [24] [25] [26] patient questioning, however, is more feasible in many conditions and also is an established way to receive reliable data. 18 Several studies report that gender, 27 ethnicity, and socioeconomic status do not influence adherence of AYAs, 18, 28 with family environment and physician-patient relationship being of greater importance. 28, 29 Physician-patient relationship is a key factor, including friendliness and accessibility, patient-centered medicine, and psychological dimensions. 30, 31 Insufficient adherence can compromise therapeutic success 32 and disrupt the therapeutical process in many ways, [33] [34] [35] finally resulting in poorer outcomes. 36 This work is based on a population-based questionnaire study regarding the psychosocial well-being of a cohort of AYA cancer patients in the area of Rostock, Germany, including a comparison group of older patients. These data were analyzed in order to determine parameters correlated to adherence. The roles of gender, religion, education, anxiety, perceived illness; relationship between AYAs and their parents; and physician-patient relationship 28 were analyzed.
Patients and methods
Our study is based on the complete population of patients reporting to the Rostock clinical cancer registry in 2012 (date of diagnosis between January 1, 2012 and December 31, 2012); by use of a questionnaire. This registry covers an area of 570,000 inhabitants and encompasses ~93% of all cancer patients in this region. 37 Our study was approved by the ethical committee of the Medical Faculty of the University of Rostock (A2011-135). All patients or their parents/legal guardians if under 18 years of age provided written informed consent to participate in the questionnaire survey.
Participants
All registered patients diagnosed with cancer between their 15th and 40th birthday were invited to participate, as were 100 randomly selected older patients who served as a comparison group.
Procedure
The patients were sent a letter within the first 8 weeks following first diagnosis, but not earlier than 2 weeks after diagnosis. The letter comprised the following items: 1) covering letter, 2) patient information, 3) patient consent form, and 4) questionnaire set. A stamped envelope for postal return was included. Patients not answering within 8 weeks were called once via telephone or contacted via postcard and were once more encouraged to participate. After return of the answer sheets, the records were entered in an SPSS database manually.
The questionnaire was compiled by the cooperative working group "AYAROSA" at the Rostock University of Medicine (AYAROSA stands for Adolescents and young adults -Rostocker Aufbruch; meaning Rostock uplift). The aim of the questionnaire study was to assess numerous aspects of the psychosocial conditions of cancer patients; however, for the analysis following here, the focus was put on the question of adherence.
Materials
For the item adherence, the English-language scale "nonadherence scale" by Kondryn et al was used with permission of the authors 38 and translated into German; the permission included reproduction. This questionnaire measures nonadherence in cancer patients, differentiating between lowrisk and high-risk adherence by using a 5-point Likert scale containing the values 0 (non-adherence never occurs) to 4 (non-adherence always occurs).
The German equivalent of Hospital Anxiety and Depression Scale (HADS) 39 was used for the parameter anxiety. It consists of seven questions, each assessing anxiety and depression with four reply options (from agreement to refusal). In our study, anxiety was determined by the cumulative value HADS-D-Angst (sum A).
The item perceived illness [40] [41] [42] [43] 
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Adherence of AYAs with cancer function, physical pain, general health perception, vitality, social function, emotional function, and mental well-being. Thus, the perceived physical illness (KSK) and the perceived mental distress (PSK) are defined.
The constructs family environment and physicianpatient relationship were examined on the basis of a self-written AYAROSA questionnaire (Supplementary material). It accounts for sociodemographic factors, handling of diagnosis and therapy, and physician-patient relationship. Family environment includes two items ("As a child I could talk about everything with my mother and/ or my father;" "I can talk about all my problems with my mother and/or with my father"), whereas physician-patient relationship included 23 items. A 4-point Likert scale was used, ranging from completely true to completely false. Four different items were recoded and indicated with r. Furthermore, the questionnaire entailed a free text field for notes or ambiguities.
A total of 243 AYA patients with a median of 30 years of age (from 18 to 39 years) were contacted, as were 100 patients with a median of 66.5 years of age (from 47 to 76 years) who constituted the comparison group.
Data analysis
The analysis of the raw questionnaire data included the following steps:
• Analysis of the response sample. This included description of age, gender characteristics, diagnosis, and so on.
• Comparison of raw data between the AYA and the group of older patients. Here, primarily by two-sample t-test, focusing on the AYAROSA questionnaire, differences between the two age groups were identified.
• Search for conditions possibly correlated to adherence.
The adherence, as measured by the questionnaire of Kondryn et al, 38 was -after corrections to improve Cronbach's alpha -analyzed with regard to other variables measured within the questionnaire set, in order to identify conditions possibly correlated to adherence.
Results

Description of the sample
In total, 36.2% (88/243) of AYAs and 33.0% (33/100) of the comparison group responded. Eight individuals rejected participation, one person had passed away, and 12 had changed their place of residence. In conclusion, we were able to generate 122 data sets. In the AYA group, the average age was 30.6 years, with a standard deviation of 5.2 years. The age range was between 18 and 39 years ( Figure 1A ). Seventy-four women (83.1%) and 15 men (16.9%) responded, while 157 patients failed to reply (36.2%).
In the older age group, the average age was 66.1 years with a standard deviation of 9.23 years; the age range was 
Comparison of raw data between the AYAs and the older age group
Due to the number of data, only those results that were relevant for the analysis of adherence, with focus on the AYAROSA questionnaire, are shown. Several respondents left individual points of the questionnaire unanswered; therefore, the absolute number of answers is not always the same.
First, we analyzed the results using a group comparison between the AYAs and older age group by two-sample t-test in the AYAROSA questionnaire. The analysis showed significant group differences in 11 of 41 items ( Table 2) .
The most interesting results were the following: when feeling uncertain about medical questions, AYAs diagnosed with cancer used the Internet significantly more often than the comparison group. They more frequently stated that they had already received therapies which the physicians had not explained in detail beforehand (9.4% for AYA patients vs 3.3%) and that physicians should learn to improve their communication skills (27.1% vs 16.6%). More AYAs considered breaking off therapy in part (17.7% vs 3.4%), and 12% of 
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Adherence of AYAs with cancer the AYAs considered breaking off the therapy entirely, which none of the older ones considered. AYAs were more likely to entertain thoughts of pursuing alternative medical methods (19.5% vs 10.3%). In particular, the AYAs did not agree with the statement "I decide about my own therapy; the doctors act only as my consultants" (25.9% for AYAs vs 3.6%).
Conditions correlated to adherence
For the definition of the construct adherence, according to Kondryn et al, 38 items with an item-correlation <0.3 were to be expelled when yielding an increase in Cronbach's alpha. Thus, a measuring instrument resulted, consisting of six items (Table 3) . Concerning the physician-patient relationship, four items were recoded, and 23 items were incorporated yielding a Cronbach's alpha =0.870, which rose to 0.889, after deleting four items.
The testing of the constructs gender, religion, education, and age (Table 4 ) demanded a different approach. We determined that patient adherence of AYAs is independent of gender and age; tested by two-sample t-test. Furthermore, adherence of the AYA group is independent of religion (p-value =0.526 > 0.05) and education (p-value =0.439 > 0.05); this was tested by ANOVA. The examination of the constructs physician-patient relationship, perceived physical illness, perceived mental distress, anxiety, and family environment necessitated a regression analysis (Table 5) .
According to this study, gender, religion, education, age, anxiety, the perceived mental distress, family atmosphere, and physician-patient relationship are not significantly correlated to adherence of AYAs. From Table 5 , it should be noted that a high value on the non-adherence scale corresponds to a lower adherence. Accordingly, negative regression coefficients mean that a higher value of the individual regressors means an improvement of adherence. Only the perceived physical illness with a p-value of 0.027 showed a significant correlation to the adherence of AYA patients. The regression function resulted in the following equation: non-adherence = 8.165-0.059 * perceived physical illness.
Discussion
In light of the limited research concerning adherence in AYAs with cancer, we conducted a study on adherence in this age group and compared it to adherence in older patients. This was based on data from a multi-item questionnaire study which was done in 2012. Known weaknesses of our work are the number of responders and reliance on self-reports, without objective indicators; furthermore, use of in part nonvalidated measures.
In line with previous literature, [19] [20] [21] [22] our results suggest that AYA patients with cancer display an insignificantly lower degree of adherence compared to older patients. A markedly higher degree of AYAs consider breaking off their therapy in part or even completely.
Table 3 Items used for the construct non-adherence
Items used for the construct non-adherence
How often do you forget to take your oral medicine? Have you ever taken your oral medicine at a wrong time? If you feel good, have you ever ceased to take your different oral medicine? If you feel worse, have you ever ceased to take your different oral medicine? Have you ever missed an out-patient appointment? Have you ever forgotten to do your oral hygiene? 
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Our study shows adherence of AYA patients with cancer to be independent of age, gender, religion, and education -a finding consistent with recent studies reported by Kondryn et al and Kennard et al. 18, 28 In addition, our findings on the physician-patient relationship showed no significant correlation to adherence of AYAs with cancer. This differs from the results of Kennard et al who found that physician-patient relationship was an important key for improved adherence. 28 In our study, AYAs did not feel better informed than older patients, nor did they display a greater need for information. In the case of uncertainty, AYAs were more likely to search the Internet for information. After consultation with a physician, they were more likely to adopt a "wait and see" attitude. This may be indicative of passive and defiant behavior, which in turn might negatively impact adherence and therapy.
AYA cancer patients are more proactive in the case of uncertainty after consultation with a physician; they are more likely to consult their partner, nurses, and other physicians. In comparison with older patients, AYAs with cancer more often believe that physicians ought to improve their communication skills and report to have received therapies that had not been explained to them in detail. Patients from both the groups wished that diagnosis and therapy could be discussed in an open and honest manner. In our study, AYAs were less interested in talking about their most personal problems with their physicians.
In contrast to the studies of Kennard et al and Kyngäs et al, 17, 28 family atmosphere was not correlated to adherence of AYA patients with cancer. A reason for this finding might be that the average age of AYAs was proportionally high at 30.6 years in our study.
Anxiety was not correlated to adherence of AYA patients with cancer. But AYAs with cancer reported a stronger feeling of unwillingness to enter the hospital. AYA patients may feel loss of autonomy, which is in conflict with their need to take part in the decision-making process. Pursuant to current studies, depression, 28, 44 and anxiety 45 were found to be positively correlated to non-adherence in AYAs.
In our study, perceived mental distress was not related to adherence; this result is consistent with a recent study of Jamison et al. 27 However, perceived physical illness was significantly related to quality of life. This indicates that a more content patient with physical well-being will be more likely to show therapy adherence and thus show a better outcome. 46, 47 Limitations of our current study need to be considered. The participation rate might have been higher when including only patients of a single hospital, making personal access easier; however, this would not be a population-based study. The different numbers of male and female patients in our study might imply a possible bias. And the relatively small sample size might preclude generalization of our findings. However, our study is unique as it is population-based, unlike all other studies in this field published until now.
Conclusion
AYAs are a heterogeneous group of cancer patients, who express a stronger need for information and who are more prone to abort therapy as compared to older patients. Psychosocial and communicative skills should be improved. Many other factors, for example, differences in therapy protocols and care, type and place of treatment, may influence adherence, a field that needs further research and clarification in the future. 18, 43 A very important issue, requiring future research, is better understanding of media use in AYAs. 
